An environmentally stable resist with high contrast, sensitivity and resolution is presented. Delay stability in excess of 24 hr. has been achieved with insignificant change in linewidth. The resist also demonstrates extreme insensitivity to PEB, showing insignificant linewidth changes over a PEB temperature variation between 20°C-100°C. The resist is sensitive to DUV, X-ray and a-beam radiation. Linearity down to 0.25 t m using 0.5NA MSII (248 nm) tool has been demonstrated. The resist shows better than 0.8 µm DOF and 15% DL at 0.25 µm line and space pairs. Resolution down to 75 nm line and space pairs has been demonstrated with 100 KeV e-beam tool.
Introduction
The lithographic requirements for faster microprocessors and higher capacity DRAM have raised great interest in deep-UV (DUV) technology. Nevertheless, DUV technology has been hampered by the increase in cost of ownership compared to i-line, due in part to the lack of environmental stability of the DUV resist material. Therefore, the development of an environmentally robust resist with good lithographic performance is needed to ensure the viability and acceptance of DUV lithography in IC fabrication. We present in this paper a resist system, KRS, which satisfies these requirements. It has previously been reported [1, 2, 3, 4] that for KRS, the linewidth exhibits no significant change with extended exposure-PEB delays or with large variations in PEB temperature between 20°C-100°C. A linear resolution of 0.25 .tm has been achieved with large process latitudes using 0.5NA MSII stepper. The unique property of linewidth insensitivity to PEB temperature eliminates the requirement of tight control on the hotplate temperature and reduces cross wafer CD variation. Furthermore, the resist's process latitudes and environmental stability eliminate the need for complicated track systems with stringent controls, thus reducing the cost. Another advantage is that the resist lithographic performance appears to be independent of the blocking level of the parent resin, thus imparting a degree of simplicity to the polymer synthesis. The resist is developable in a wide range of developer concentrations (0.14N-0.263N TMAH). In this paper, we will first discuss the approach used in KRS to achieve the environmental stability and then will present thermal stability, effect of percent protection, environmental stability, bake latitudes, effect of acid generators, 0.25 µm DUV lithography and sub 0.25 µm E-beam lithography.
Approach to Environmental Stability
One of the major problems of chemically-amplified resist systems is the sensitivity of linewidth to delay between exposure and PEB. One type of image instability resulting from such delay is the formation of a "T-top". The "T-top" profile is attributed to acid depletion from the resist surface due to either airborne base contaminants [5, 6] or acid volatilization. [7] The physical approach to solving this problem is the application of a protective top coat or the installation of an air filtration system. As mentioned earlier, this type of approach will increase the overall cost of the lithographic process. The chemical approach is to improve the resist stability by incorporating additives in resist formulation [8, 9] , choosing nonvolatile acid or designing a resist that can be annealed above its Tg.[ 1 0, 1 1 , 1 2] Another type of image instability due to PEB delay is linewidth slimming, which is attributed to acid migration from exposed into unexposed resist areas at room temperature. [ 13] To alleviate the acid migration problem, weaker bulky acids and/or organic base additives have been suggested. [13, 14] The environmental stability of KRS is achieved with a totally different approach. KRS uses polyhydroxystyrene (PHS) partially protected with an extremely acid-labile group. This protecting group has low deblocking activation energy and extremely high reaction rate. Therefore, the chemical amplification occurs rapidly after exposure at room temperature, eliminating the need for PEB. Since the protecting group is acid-labile at room temperature, the resist sensitivity to airborne base contaminants is significantly minimized.
Most of the published literature reports that onium salts exhibit a negative tone behavior in the photoprocess. [15, 16] Such behavior was not observed with KRS even at very high exposure doses.
The choice of photoacid generator (PAG) appears to have insignificant or no effect on the environmental stability of KRS. The formulation used in this study contains triphenylsulfonium triflate (TPS) as a PAG and propylene glycol monomethyl ether acetate as solvent.
Thermal Stability
Although the protecting group is extremely acid-labile, the polymer that have synthesized exhibits reasonable thermal stability. As shown in 4, 1995 (DTC) is constant over the protection range of 14% to 32%. The swing curve effect is the same over the protection range studied here. Therefore, the noted difference in DTC for the data listed in Table-1 is mainly attributed to the resist thickness. Even at protections as high as 50%, the DTC depended on formulation rather than protection. This special property makes the manufacturing of KRS very easy. In contrast, for most chemically-amplified systems, the lithographic dose is very sensitive to the amount of protecting group linked to the PHS, making it a big challenge to produce consistent uroducts with minimal lot to lot variation in manufacturing environment. The linewidth is also remarkably stable to delays between exposure and develop. Fig. 2 shows that KRS can maintain ±10% linewidth (400nm nested features) even after 48 hours delay. Notice that no PEB step is introduced in this case, and that the printed images exhibited similar linewidth for all delay periods. Even when PEB is introduced, the printed linewidth stability is not affected; in this case, delay periods of over 24 hrs, have been previously reported. [1, 3] Delays between other process steps were found to impart little or no change to the linewidth. 
Effect of Acid Generators
Besides onium salt PAGs, nonionic PAGs such as sulfoxyimides and pyrogallol sulfonate esters were used in .RS. Resists formulated with nonionic PAGs showed more than 5x stability in linewidth upon exposure to NMP as compared to APEX-E. This suggests that the choice of PAG appears to have no effect on the environmental stability of KRS resist. We have also changed the TPS loading over a Fig. 7 ) in 0.8 µm thick resist with reasonable dose latitude, as shown in Fig. 8 . We also can obtain 0.15 µm images in 0.8 µm thick resist, as shown in Fig. 9 . However, due to the high aspect ratio (>5) and developer surface tension effects, the resist lines tend to collapse during the development process (see Fig. 9 ). The capability 
